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mX[: 2003/8/21 



[^Ul] 

[Mine] 

[S¥AH#] 



mm^ xii42^°i ^§oii sit* , mms ni60£2j t?§ 
oil sis §sj£jAi- m s^&ua. cnaioi 

SIS^ (21) 



15 
0 
0 
7 



21 

21 
>i 

si- 



29,000 SI 
0 SI 
0 SI 
333,000 SI 



362,000 Si 
§¥S21 21^21^ 

181,000 SI 

1. fiSfAH- SAilAH(£21)_1 
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-S, $7] £^H7} ^S^JSMj- 0>^A>^ HVnVol 7l^.o. ^<g^ ^H] ifl 

# ^7)^ S.^^. 7 f7]^ o}^Aj^ f HVnVo.^ ^^71^ 3-8: f^lo^ *V 

Cf. ^ ^"fl n^J ^7l^ ^-fr 7}*m ^>^^>5|-# ^71^ -1H3# 

6>^A>s}-§ aVnVo^ -g-0]5>7fl ^^2] ^ $li££, #i*Hl 

£ 1 
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oj-o^AVs}-^- oV£.^] ^lS*^ {Manufacturing method of zinc oxide semiconductor} 

£ 2a ^ i 2dtt ^Tfi-i- -^^tb ^ 0>o^Al-^^ «VnVo] ^ 7 j^ 

£ 2c^ ^Tfll- AjAjt!: ^S] 0><^AV5).^. tiVnVo) m^-g. ^v^. 

(Photo luminescence, PD^^LS. *V ZLHfl5.olcf . 



^-oflui^](Free Exciton Binding Energy)7> *VE.*fl<3] ej= 2wfl o]Aj-o] 60 meV^^ , 
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— ^ E i ^ (RF, DC magnetron sputtering)^, A°\A %rA*d. <WaM (Laser 

Molecular Beam Epitaxy)^, 5^7l^#2]-(Chemical Vapor Deposition, CVD)^, ^ 

^3M*1 f^KPlus Laser Deposition)^ 1- ^ $X^. °1 RF ^ *V 
^ilB-E ^E^RF, DC magnetron sputtering) 1 ^ ^7]<^ tf-g- wj-^-i-ofl tij^fl #rfl 
3^ ^ ^Vo] 7>^H S^Hl ^cf. 

°>^^1- ^S-^fe ^^(Transparent Electrode), -g-^ ^ 

Sound Acoustic Wave Device), aflE^Ei ^A]-(Varistors Device) ^-^^ 

tiVjELAl j7^£ p ^ o^aVs].-. tn-tq-o] ^^-o] ^^^o]cf. ^fl^l n ^ 

P^ °f^Mt *fl^r %*}31 91^-. A] #*}9\. X^O] 

^>7fl °o^^ p ^ oV^A]-^ tiVjE^ *fls&ol^ %±z}9\- 7))%.^- ^1 

*r«- ^ &tf. 

^^■^ Yamamoto ^w[T. Yamamoto 
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et al, Jpn. J. Appl . Phys. Part 2 38, L166 (1999)]^)^^ 5^«?1 lldiCN)^ 3^<?1 Ga 

3* oj^-^o.^ ^H^ 1 }. ^Jl, M. Joseph =L&[U. Joseph e£ al , Jpn. J. Appl. 
Phys. Part 2 38, L1205 (1999)]«lHTr Ga^f N^§- 4xl0 19 /cm 3 £] ?fleM ^5-* 

p^ o>o^av^ tiVE^l-i- ^l^>5^cf. zieiq- oje^ u o v ^ ^^^^>1 ^fl 

cf€- «o v ^^S, T. Aoki ^.f-[T. Aoki et al, Appl. Phys. Lett. 76, 3257 (2000)] 
Zn 3 P 2 eHr #*>«]^ o_s ^ 3H*i# <>l-g-*H 

P^ d r^^-5l-# uVE.*H«- ^]^e>^o.uf £ 7 )Q -if-^-i- ^7}^ *(Hall)JL4l- °l-§-^ 

SE cf-E a o v ^-^S, Y. R. Ryu ^[Y . R. Ryu e£ a/, J. Crystal Growth 216, 330 
(2000)]°lHfe til^(As)!- Jt^Str p^ ^1^1- iH5)-^4. jejij o] ^-f p 

^ o>o^av^o1 ^issl^l- 7pg^iLtf 7l^o.S ^>-§-^l GaAs 7]%s\- °}<£^3\-^r 

feS 9}^ 5]^^ ^i(N)# £^*Hir p^ ^r^^l- ^--£^1 ^.Jl^^ 
^[D. C. Look 
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et al, Appl. Phys. Lett. 81, 1830 (2002)]. ne^uj- P^°l 4*1 n^j£| 

sl*U 

^^MM *r 5a*°l ^7fl?W ^^^4 413^ 5L^7> ^JSL^ 



5^ £^ 5^ ^l-o} ^V5j-c>ol 5)-tJ-#* *H*-*H 71 #ofl 

BS^i 5^ ^7> ^7f=l A>3^ yVnV^. ^^^l-JL, 4V7] £^E 7 } ^ 

71 ^^5l-# %^ s&7] 7lt|- ^#^^el *^ ^1 ^Al^lJL ^rl^S] 

*H, #713 s.^ HL^ ^<3^ s.^^. 7 ^i^ ^-71 6><a^# ^* p^ ^71 

°1 "fl, -8-71 ol^^^-t ^s^l 0.001-20%^ ^-Tfl ^7>=1 
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3^ -$7} °>^^5)-l- ^Sr, ^^v}2±Q ^y] *Vs\-°\<£ Sf^#^- $^*J-fe 
3* ^ o.5L 

M-°>7>, ^>7l ^^E^, ^-71 ^ ifl^ ^£1- ^ l~100t:S ^Al7lJl, 
500- 1500 t^H 10^-30^- ^-9} -R-*] f - ^aISJtt fi-^ ^ zl^ji, 



£ 1* , tiV-g- %v]o)} ^-^W(SIOO). 7l^o.S.^ 

^#^1, 5^ Q± iE^r 5^ ^l-ol i^-sl ^o}<£ o]^}<^ 

7)& ^oHl 5^ Q±7\ i$7}Q o\^s\-^ «VnV^ ^^^0200). ^ 7l , 

a>5|-o}<3 s\-^d\] £_i£Q 5^ ^dt(N), °](P), til^(As), ^VE]s.(Sb) 5£^r w] 

i^(Bi) ^ # ^ o]aJ. £0] o}<£*Y^ ^^jo^, 5^ <g ± 

6 >^W# ^Sr, ^ ^>s|- < y(P205)o] 0.001~20%£] -?-7fl Wl^rS. ^7>=1 Jl 

aVo} AV^. o ><g(Zn0)^: Ef^l o.^ £>a} Rp oj-zH-ilHS. i^E^ wj-^o.^. ^^=K lE-b 
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5^ ^ Hi-fer 5^ ^o}<^9] IMM^ <r ^ 

€ 5^ ^di SE^ H ^7>a]^ ^ oio^ 

<22> oj^A], £^;B7> ^sJ-SjS^-, Wl-nVo] #^<I^e| ig 

*H ^-^^|7lJL(S300) ^^^^^(5400). cl^^r ^^sl-l- ^*H) |7}^ 5^ 

-f ^-B-*>J1 $M nfl^-ofl K\^o] ^± Qx}^r ^}7]t}7] 

^€ ^"^71^ ^W^H ^*Jtb^-. ^"71^ ^"^715. <g^£ ^ ifliS] ^£1- 3^ x-_ 
100°C5. #3^1 7l Jl, 500~1500°C°1H 10^-30^- ^-^ a}-^^ «]-^-o] 

,<23> O^HH, M. Tg-^o] ^ ^301 -^Al<^]^- ZL ^7l^^l J^-l- $Jf 

<24> 1^7-1, 350°C<^]^ 750°CS ^ ^^l7l^A^ A>5j.oi ( p 205 )ol i%^ ~ 

7H] ti]^-^ ^ 7|-5l ^^^}^(ZnO)t ^S,7} B^-TJI A>-§-^ RF n>ZLVilH 

^5S)E^ aj-^ o.^ A]-2)-ol 0^(0001) 7l^ ^o\] °} ^^o] 5=39 <g o)-<£ a]-^ 
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<25> 



<26> [5. 1] 



4# 


550 1 


750 t 




5.11x1016 


2.95xl0 1 5 


<>1 -§-£.( cmWs) 


1.46 


1.35 


a] ji 







<28> 



<29> 



<27> 5. 11: ^S}^, -g- #7HH o}<S^S}-# n^^ *}7)3 s.^ 

4^1, A o v #*> #31^ ^4#^r ^r1*13 %n\o\] ^*}JL, xfll- £± «• 

$)7)S. ^]*V^^ -8r£.» 50~100°C^ ^£5. 600~950°C€ «J]*}*1 ?H 1 

-3^ ^l^q-. 

£ 2a ^ JE 2b^ ^oj 6>o^a>^ aVnl-o} ^ 7 l^ ^ o. 

^^(Photo luminescence, PD^^-S. ZLEfl^olc)-. 
<30> 51 2a ^ IE 2b» , ^^e) ^ 2.95xl0l5~8 > 82xl0 16 (/cm3)^£^ ?fl 

^-£^1- 0.618-1.46 (cm 2 /Vs)^ ^l^S.* 7}*}±r n^ ^^ A V^-# *V£*fl7> 10 17 ~ 
10l9(/cm3) 0.53~3.51(cm 2 /Vs)£| ^lf£t M-^tfl^ p^S] o><£ a]-^ a> 

^ ^cf. 4**], #4? ^^3l*3E7> 800 °C o]a o vo] ^4-0]) n ^o} 

<31> ZL^Jl £ 2c» ^H^HS HJ1£)^^J1 ol^ p ^ 

te^l^ ^^Ei w^H. ^)Al§(Aox)5tl3oi 3.35eV^ Jf^o] ^%S\SX^. 
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<32> ^, n <83 ^71^ M-E}ofl^ MVnVol ^cg^ofl o^*| o} 



«H4 ^ t^l oj-oi^-sj-!- ^lS^^ofl ^71 

3 ^Ife aVnJ-o. p ^ ^ 7 1^ 0><£#S|-§- -§- 

#^*H1 3^ ^°1 7>^^>7jl ^^l-SLJE., 

^"71 ^AHoflnV ^=1^1 , ^ ^3 ^ # -g- 

°HM 7>^1 *H <3]«fl ^ ^°1 7>^^ 
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[3^*8- 11 

5^ 5^ €^ ^VSj-l-ol i^-H] AV5j.o><^ a]~§-s}o} 7l^r ^Hl 

<i^elsH, ^7]^ SE^ ^^^^ s.^^ 7Mfe #7l ^<?!^:5|-# 

[^t 1 * 2] 
[^T 1 * 3] 
4] 

*ll 1^°11 floH, ^"71 o>^^>5l-l- MV^, AVSj-oio] 0.001-20%^ ^-Tfl ^ 
7>^ ^o>c^^- E^o.^. *H RF n>ZLLi]H€- ^Ei*y «^ O.S ^ ^ S^jo 
3. *>-*r o><3^s|"§- a>£^ll /HlS«o v ^. 
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5] 

6] 

1%H1 31°]^ , #7] ^-4^*1 E)^, a o i- 7 | ^ vflo] ^ i~ioo°CS. # 

500- 1500 °C^H 10^-30^- ^-^If^S^ ^13^ ^ ^<LS. *}x= 

[^*<J- 7] 
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15- 2bl 
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15- 2c] 
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